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[Inorganic and Analytical Chemistry: Basic]

Answer the following problems (1) and (2) .

(1) Explain the principle of two analytical methods, (a) and (b) in Group A, and explain the meaning of

two technical terms, (c) and (d) in Group B. Figures can be used in your explanation if necessary.

Group A
(a) Gas chromatography

(b) X-ray fluorescence analysis

Group B
(c) lonic strength
(d) Berry pseudorotation

(2) Structures and properties of the transition-metal complexes are explained by the interaction between
the d orbitals and charge of ligands. Chromium is a group 6 metal, which forms various coordination
geometries. Answer the following problems (e)—(i) about hexacoordinated octahedral complexes
[Cr(H20)6]™".

(e) There are 5 kinds of 3d orbitals in a transition-metal, 3d,y, 3d,, 3d.., 3d*,?, and 3d2 Illustrate
schematic drawings of each 3d,, and 3d.* orbital as shown in Figure 1 (next page). Also draw the

sign of phase and nodal plane.

(f) The energy level of d orbitals of a hexacoordinated octahedral complex is divided into two energy
levels of e, and ty, orbitals. Draw the divided energy levels in the hexacoordinated octahedral
complex, and show the kind of d orbitals which belong there. Also explain briefly the mechanism

of dividing of the energy levels.

(g) Draw electron configuration of the ground state of [Cr(H>O)s]*" in the energy level in problem (f).

Clarify the spin using T or | in your answer.

(h) The energy difference between e, and t;; levels in problem (f) is described as A,. Answer the

crystal field stabilization energy of [Cr(H20)s]*" using Ao.

(i) The structure of [Cr(H20)s]*", different from that of [Cr(H,O)s]*", is not a regular octahedral
structure but a distorted octahedral one due to the Jahn-Teller effect. Explain the phenomenon

briefly based on the divided energy levels of d orbitals.
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Figure 1. Schematic drawing of the 2p. orbital



